Gene regulatory networks (GRNs) describe the interactions for a developmental process at a given time and space. Historically, perturbation experiments represent one of the key methods for analyzing and reconstructing a GRN, and the GRN governing early development in the sea urchin embryo stands as one of the more deeply dissected so far. As technology progresses, so do the methods used to address different biological questions. Next-generation sequencing (NGS) has become a standard experimental technique for genome and transcriptome sequencing and studies of protein-DNA interactions and DNA accessibility. While several efforts have been made toward the integration of different omics approaches for the study of the regulatory genome in many animals, in a few cases, these are applied with the purpose of reconstructing and experimentally testing developmental GRNs. Here, we review emerging approaches integrating multiple NGS technologies for the prediction and validation of gene interactions within echinoderm GRNs. These approaches can be applied to both 'model' and 'non-model' organisms. Although a number of issues still need to be addressed, advances in NGS applications, such as assay for transposase-accessible chromatin sequencing, combined with the availability of embryos belonging to different species, all separated by various evolutionary distances and accessible to experimental regulatory biology, place echinoderms in an unprecedented position for the reconstruction and evolutionary comparison of developmental GRNs. We conclude that sequencing technologies and integrated omics approaches allow the examination of GRNs on a genome-wide scale only if biological perturbation and cis-regulatory analyses are experimentally accessible, as in the case of echinoderm embryos.
Introduction
The reconstruction of a gene regulatory network (GRN) for a given developmental process requires knowledge of the regulatory states that progressively establish the identity of the cell population during development and gives them a specific function. A regulatory state is defined by the set of regulatory genes encoding transcription factors (TFs) and the signaling molecules active in a cell at a specific moment of animal development. To determine the complete structure of a GRN, all the elements of the system need to be identified and the regulatory interactions unraveled.
Echinoderms form five classes, and feature resolved phylogenetic relationships because of their excellent fossil records [1, 2] . Four of the five classes have various established protocols making them experimentally accessible to regulatory biology (reviewed by [3] ), and placing them in a unique position to study the evolution of GRNs. A protocol published in 2008 [4] well describes the approach to experimentally determine the function of a specific regulatory element in the complexity of the sea urchin network. This method has been used to describe the so far most complete, among all living organisms, GRNs, accounting for the developmental process of a whole embryonic territory, the sea urchin endomesoderm specification network, and established the sea urchin as a well-suited organism for the study of GRNs [5] . The same method, moreover, can extensively be applied to other organisms as demonstrated in Ciona intestinalis [6, 7] . As an embryo develops, new genes are activated, while previously expressed genes may turn off leading to the formation of new tissue types, and because this happens in a modular fashion, GRNs can be reconstructed in a tissue-specific manner. The GRNs of neighboring tissues can then be linked to form a more complete and global network. In each set of events, the regulatory genes need to be analyzed in the temporal and spatial expression to characterize the regulatory state of the cells involved in the process. Approaches such as quantitative polymerase chain reaction, complementary DNA microarray and RNA-seq have been extensively adopted for the temporal studies, quantifying gene expression at a given stage, while in situ hybridization is commonly used to gain spatial information, showing where in the organism the gene is expressed. However, knowing the time and the location of expression is not enough to determine a gene's role in a network; for this, the knockout or knockdown of the gene is necessary to determine its function in development and possible interactions. In echinoderms, the primary method for knockdowns is morpholino antisense oligonucleotide (MASO) and has been used numerous times to identify GRN interactions [8, 9] . MASO prevents the formation of a specific protein either blocking its translation or the spliceosome activity on the immature RNA. More recently, the CRISPRCas9 system [10, 11] has been developed, which borrows the prokaryotic immune mechanism using a Cas9 endonuclease and a guide RNA to recognize and cut a specific region of DNA creating an indel modification in the gene sequence. This technology is said to be more accurate and accounts for the nonspecific binding effects that occur in some MASO experiments [10, 12] . Although this technique is relatively new, two protocol papers have already been published using the CRISPR-Cas9 system in echinoderms [13, 14] .
Since the arrival of Sanger sequencing [15] and more recently next-generation sequencing (NGS), genome and transcriptome sequencing has become increasingly ingrained into the different realms of biology, becoming less of a novelty and more of a standard experimental technique. NGS techniques consist of shearing or fragmenting DNA or RNA, and then after applying the proper chemistry to produce libraries, the samples are sequenced using various short-read technologies, with Illumina platforms being the most versatile and most frequently used because of their technology maturity and range of platforms that are applied to different biological niches [16] . The advances of sequence technologies have made sequencing a genome faster, easier and cheaper, new high-throughput biochemical and whole-genome approaches have made the study of GRNs more efficient. The first echinoderm genomeStrongylocentrotus purpuratus, the California purple sea urchinwas introduced in 2006 using Sanger sequencing [17] , and was later annotated with RNA-seq data using an Illumina sequencing platform [18] . In addition to the genome itself, sequencing methods to determine protein-DNA interactions and DNA accessibility have also been developed, chromatin immunoprecipitation sequencing (ChIP-seq) and assay for transposaseaccessible chromatin (ATAC-seq), respectively, and continue to contribute to efforts of understanding and reconstructing GRNs. The ability to generate putative GRNs with these in silico techniques combined with the already well-established wet laboratory protocols and 'testability' of various echinoderm systems presents an ideal situation for the reconstruction of GRNs.
Many reviews have been written for NGS technologies, dealing with, e.g., which genome assembly method is best [19, 20] , the best practices for transcriptomics [21] , even the integration of different sequencing technologies, but none to our knowledge have been written with the purpose of reconstructing GRNs using omics technologies. In this review, echinoderm embryos and their genomes are used as examples to illustrate the state of the art of established omics and perturbation approaches to reconstruct GRNs for development, highlighting, more in detail, some of the advantages that ATAC-seq presents. Our goal is to outline the in silico and in vivo processes and technologies needed to reconstruct a GRN and to discuss some of the difficulties that may ensue.
Quality filtering
Before mapping or de novo assembly, quality control of the data is necessary to avoid misassembly and misleading results in downstream analysis and to reduce the time it takes to complete an analysis. The trimming of low-quality portions of reads, removing low-quality reads, adaptor removal and removal of over abundant or contaminated sequences (Figure 1 ), can be easily done with software such as Trimmomatic [22] , TagCleaner [23] or FASTX [24] and FASTQC [25] for visualization. Another quality filtering step is the removal of microbial, viral metagenome, human or other contamination, which can lead to false conclusions when incorporated in the data. There are a number of methods developed for mapping sequences using tools such as BBMap [26] , FASTQ screen (Babraham Bioinformatics), other aligners to known contaminants using databases such as UniVec (ftp://ftp.ncbi.nlm.nih.gov/pub/ UniVec/), artificial sequences (taxid:81077) on the National Center for Biotechnology Information (NCBI) or the EMVEC vector database from the European Bioinformatics Institute, and in cases when reads are long enough (> 150 bp), software such as DeconSeq [27] can be used. This allows for the identification and removal of contaminated reads before assembly or mapping to the reference of interest. Alternatively, once assembled, a similar process can be performed using BLAST against known contaminations or bacterial genomes.
Genome assembly and quality assessment
While differential expression (DE) can be performed without a genome, the reconstruction of GRNs cannot. A major component of reconstructing a GRN is identifying cis-regulatory models and promoter regions. Identifying these regions has proven to be difficult with a genome and is nearly impossible without a genome, even more so when analyzing multiple genes. Echinoderms have several genomes sequenced, the first of which was the purple sea urchin S. purpuratus [17] . This was a major step in the study of echinoderm development: >780 papers have been produced citing the S. purpuratus genome to date. In addition to the S. purpuratus genome, several other echinoderm genomes have been sequenced, covering four of the five classes of echinoderms, including but not limited to Patiria miniata, Lytechinus variegatus, Eucidaris tribuloides, Parastichopus parvimensis and Ophiothrix spiculata, all of which can be found on EchinoBase, formerly known as SpBase [28] . Most recently, the sequences of both the Great Barrier Reef and Okinawa 'species' of Acanthaster planci were released (Table 1) . However, not all of these genomes are well suited for the study GRNs because of genome fragmentation and/or missing data such as annotation (the genomes with annotation are listed in Table 2 ).
For echinoderm species without an assembled genome, de novo assembly is often required to produce a draft genome (Figure 1.2 ). There are many assemblers and new ones constantly being developed. Assemblathon 1 and Assemblathon 2 were competitions that examined which assemblers are best suited for genome assembly and which pipeline performs best using simulated data and genomes of several different species [19, 20, 29] . These competitions illustrate that not one assembler works best for all organisms and that several assemblers should be tested before committing to a draft genome, and for some species, a combination of several assemblers can produce a better assembly. Alternatively, a reference-based approach aligning to a closely related genome could provide improvement in contig-assembled overlapping DNA reads-and scaffoldoverlapping contigs with known gap size-lengths [30] . An alignment-assisted assembly is possible even with divergence, when factors such as translocation of genes and events such as gene copy number variation are accounted for, as it has been shown using human as a reference to improve a dog genome [31] . Post-assembly is necessary for the quality of the genome to be assessed. There are a number of tools to perform this step, such as Reapr [32] and Quast [33] , which report contig distributions, N50, coverage, duplication and misassemblies using a reference genome or by mapping reads back to the assembled genome. Once assembled and checked for completeness, there are additional steps that can be performed if the genome was incomplete: additional sequencing at a higher depth that helps to recover previously unsequenced portions of the genome or using different sequencing technologies such as optical mapping, long-read technology (PacBio) or mate pair reads with large insert size for scaffolding highly fragmented genomes [16, 34] . This has been the case of the sea urchin L. variegatus, for which PacBio sequences were used to increase the contiguity of the genome and assemble previously missing portions of the genome. There have been attempts to improve a genome contiguity using RNA-seq data as well [35, 36] . Ideally, when additional sequencing is done, the same biological samples should be used to account for the biological variation within a species or population, which complicates assembly [37] . Although many draft genomes are not suited for NGS analysis, the continued effort to produce more genomes is needed because genotypic differences need to be seen in a functional context, and no one genome can give all of the answers to evolutionary or developmental questions [34] .
Identifying differentially regulated genes and genes for downstream analysis
RNA-seq is typically used to determine the expression of genes at a given development time point [38] , in a defined tissue or territory of the embryo and/or in a wild-type condition versus a treatment [39] (Figure 1.3 ). It reveals a multitude of information, and it is an important aspect in the omics approach for reconstructing a GRN. Currently, there are other methods commonly being used for high-throughput RNA expression analysis-chiefly, microarrays and nanoString nCounter-in addition to RNA-seq. For small-scale analysis, where the genes of interest are known, both microarrays and nanoString can be sufficient, but there is a trade-off between the lower cost of microarrays analysis and less accuracy compared with RNA-seq, and while the accuracy of nanoString is more precise, the number of gene analyzed is smaller [16] . Materna et al. [40] analyzed 172 genes in early sea urchin development, ranging from TFs, signaling molecules to known markers. This analysis was done at high resolution using nanoString nCounter, and has proven to be an invaluable asset [41, 42] , but is limited to 172 genes of tens of thousands. For a transcriptome-wide approach, RNA-seq has a number advantages, the number of genes covered, the fact that it is not needed to select target genes, the possibility of detecting splice variants and the number of downstream analyses that can be performed [16, 43] . Tu et al. [18] expanded the gene expression study in S. purpuratus by using one of the NGS Illumina platform, sequencing several transcriptomes covering 10 developmental stages. Additionally, these RNA-seq data were used for the genome annotation, which is a pivotal step for GRNs. Both the annotations Note. Statistics generated using Quast.
b Estimated using total base and N's per 1000 kb. and the expression data were made available through EchinoBase (Table 1) . For many echinoderms, as with many other 'non-model' organisms, not always there is a genome available. The absence of a genome limits the ability to reconstruct the GRN. However, some inferences can be made by identifying, through differential RNA-seq, TFs that are differentially expressed over time or across conditions. Additionally, identifying overlaps in previously dissected networks provides insight into what occurs in analogous networks of evolutionary close species, yielding to testable hypotheses. There are two options for transcriptome assembling, de novo assembly, using various overlap and graphbased methods, or aligning the RNA-seq reads to a closely related species if there is one available [44] [45] [46] . De novo assembly is not always straightforward, and several assemblers should be used as well as quality checked for chimeric sequences and other misassemblies metrics [37, 47, 48] . Alternatively, mapping the RNA-seq reads to the genome of a reasonably distant species-15% divergence-can yield better results than de novo transcriptome assembly, allowing for better detection of splice variants and assembly more complete genome models [49] . However, this is not always an ideal situation because higher relative distance decreases mapping ability, and there is a decrease in orthology with increasing evolutionary distance [50] . Additionally, reference-based methods generally ignore variation from the reference sequence observed in the reads, and if the genome available for the species being studied-reference or relative species-is poorly assembled, then this can lead to misassembled or partially assembled transcripts. There have been pipelines designed to better address this by using de novoassembled transcripts and aligning them to closely related species [51] . The combination of de novo assembly and mapping to a relative species is the best approach: the de novo assembly accounts for issues such as gene loss in the reference species, while the aligning to a reference genome aids in creating more complete gene models and reducing redundant gene models [46, 52] .
As with any experiment, experimental design is important. With RNA-seq, the questions that can be answered heavily depend on the manipulations of the experimental system that can be performed, the availability of material and the sequencing budget. There are many echinoderm systems that have well-established perturbation protocols. However, in systems where perturbation may prove to be difficult or yet to be perfected, there are time courses and tissue-specific experiments that can be combined with RNA-seq, and in some cases are a better alternative than perturbations. There is still no golden standard for RNA sequencing and, on occasions, a trade-off between number of samples and sequencing depth is necessary, and this determines the type of analysis that can be done and the statistical power. When considering the biological variation in wild animalswhich is the case for many, if not all, echinoderm species studied-compared with that of inbreed species, the variation among the RNA-seq samples is much larger [53] . Having only three replicates decreases the statistical power of the experiment and makes it more difficult to identify a bad replicate [54] . However, DE analyses can still be performed but at a higher fold-change cutoff, with the caveat that not all differentially expressed genes (Table 1) , with the available time point being the 24-30 hpf interval. Next, using Homer [73] and the selected TFs, DNA-binding motifs were labeled, and the predicted interactions were drawn using BioTapestry [84] . 2. Identify available omics data, and what else is needed for a comprehensive analysis. In cases such as human, mouse, chick, sea urchin, just to name a few, there are available genomes, which are major components of GRN analysis. For many 'non-model' organisms, there may not be a genome available, so the sequencing and assembly will have to be done before a GRN can be reconstructed.
3. Determine the time point (clock symbol) and method of comparison, whether it is perturbation, known-down or knockout (flask symbol). RNA-seq is also used to annotate the genome.
3b. ChIP-seq/ATAC-seq (peak data) read mapping and peak calling are also done in a time-specific manner and can also be tissue specific. 4 . Identify the overlapping expression data and peak data for integration. It is best to focus on TF and specific tissues to reduce the information for better interpretation.
4a. After determining the overlapping data, peaks should then be label with binding motifs. These motifs are often called by their human or mouse ortholog, so this must be accounted for. 5 . The network can be reconstructed using programs such as BioTapestry.
Confirmation of findings by bench validations.
will be identified. Ideally, for a standard pairwise DE analysis, when possible, six replicates have been recommended, increasing to 12 for co-expression analysis. Not only does the number of replicates determine the statistical power but it also dictates what DE software should be used. Taking biological variance into account, it has been shown that negative binomial models are best suited, with programs such as DESeq, EdgeR and limma perform the best [54, 55] .
While several methods can be used to aid in the interpretation of the DE analysis, e.g. gene ontology/PANTHER/KEGG pathway, identifying TFs as candidate genes, or clustering analysis, they all have their advantages and disadvantages. With pathway analysis, genes are grouped based on known pathways and their biological process identified, which is the focus of many studies. However, caution must be taken because over evolutionary time pathways began to diverge. Additionally, the choice of database/software is important granted that of the 3900 publication surveyed in 2015, 67% used software with outdated pathway database that only contain 26% of the biological processes and pathways currently identified [56] . Co-expression analysis allows genes to be grouped by expression patterns, leading to possible networks related to function but not actual GRNs [57] . However, the genes connected in these networks are typically numerous, producing complex networks, which limit their biological interpretation [58] and the generation of hypotheses that can be tested in the wet laboratory. To overcome the massive amount of data, partial knowledge of previously established GRNs is advisable [59] . In fact, while connections with a network may change, the genes involved are often the same [60] [61] [62] . Additionally, targeted approaches such as tissuespecific, or single-cell RNA-seq can be used to decrease the amount of data to be analyzed. In any case, although reducing the amount of genes to be analyzed can help reconstructing a GRN, the interconnectivity cannot be predicted with RNA-seq data only. Additional information, such as putative connections at transcription factor binding sites (TFBSs), is needed.
Identifying potential binding sites and TF binding
Sequence conservation between species typically persists over evolutionary time because often there is a functional component to these sequences. In the post-genomic era, this attribute is used to identify regulatory modules. However, there are limits to this type of analysis: (i) the conserved sequence could be an unannotated protein-coding region in the genome; (ii) there has to be an assembled genome of a species whose sequence has not become too divergent; (iii) not all regulatory modules are found in these conserved blocks; and (iv) there is no temporal component to a simple conservation analysis, which indeed is an essential aspect of GRNs [63, 64] . Moreover, although knowing a cis-region in one species can likely point to an orthologous sequence in another, this is not always the case. Cis-modules diverge over time, functioning in one species while no longer functioning in another [65] . Alternatively, chromatin immunoprecipitation (ChIP) provides a detailed map of protein-DNA interactions, which is fundamental for chromatin modification and regulation of gene expression. The principle is based on the enrichment of DNA fragments to which a specific protein is bound [66] . ChIP, combined with NGS (ChIP-seq), provides a more accurate list of target binding sites (peaks) for TFs and a better identification of cis-regulatory modules (CRMs). The information obtained from ChIP-seq can be used to identify regions where a known protein binds, revealing not only the primary binding motif but also additional motifs that can imply additional functions [67] . The identification of these secondary or low-affinity binding sites has been proven important for understanding the evolution of GRN rewiring [68] . A major drawback of ChIP-seq is that the design of antibodies can be difficult, and many commercial antibodies have been shown not to be of ChIP quality. Additionally, the amount of biological material and the cost of reagents is a hindrance. Efforts by several groups to improve data quality, ensure the proper controls to assure data quality and reduce the amount of biological material needed have been performed [69, 70] . However, cost still remains high.
More recently, ATAC-seq [71] has been developed to provide information about nucleosome position and nucleosome-free regions in the genome. This method uses a Tn5 transposase to simultaneously cut and ligate adapters for high-throughput sequencing at regions of increased accessibility. It is well known that DNA structure is manipulated throughout development, revealing portion of chromatin where TFs and other proteins bind to regulate gene expression. Therefore, ATAC-seq allows for the identification of potential protein-DNA binding regions (peaks) in a time-specific manner. The main advantages of ATAC-seq are the simple and fast protocol and the reduced amount of starting material (50 000 cells compared with millions for ChIPseq) [72] . ATAC-seq ability to identify accessible chromatin regions combined with software such as Homer [73] , which can annotate these regions with known TF-binding motifs and/or the nearby genes, provides prediction of potential interactions within a network that can be tested in the wet laboratory. ATAC-seq data are currently available for S. purpuratus via Echinobase.org and, separately, Hajdu et al. [74] have shown the utility of this technology studying histone modification in the sea urchin. Additionally, ATAC-seq data are being produced for P. miniata and Paracentrotus lividus (personal communications). To decrease the amount of information to a more manageable data set, tissue-specific ATAC-seq has been developed. This method creates the ability to identify tissue-specific chromatin accessibility and further reveal the inner connectivity of a network. The examination of binding motifs in both ATAC-seq and ChIP-seq can reveal tissue-specific binding [75] , which is pertinent for determining which genes belong to a particular network and their connectivity. This also helps mitigate the fact that TFs are used in multiple tissues and different GRNs.
Integration of omics techniques to reconstruct GRNs
The true power comes with the ability to combine these NGS techniques, and the downside to this being that, although there is a plethora of software for each omics step, it is not the same for the integration of these technologies. There have been attempts to fill this gap; however, many of the tools developed are not for 'non-model' species [76] , so for echinoderms, there is not always an easy solution. For example, Wang et al. [77] introduced BETA that integrates ChIP-seq with RNA-seq. However, BETA only recognizes Refseq IDs and official gene symbols; other gene identifiers must be converted with tools such as the DAVID gene ID conversion tool [77] [78] [79] , but this depends on genome annotation or may not prove to be trivial and unusable by most echinoderm genomes. While limited to only a few tools, approaches using software such as Homer [73] or BEDTools [80] have proven sufficient in their ability to label peaks by their proximity to genes. This type of approach has been used for integration of RNA-seq with both ChIP-seq and ATAC-seq studies [62, 81] , allowing inferences of regulatory interactions and the activation or repressive effects they cause. Taking advantage of the plethora of established GRNs in echinoderms, such as endomesoderm specification in sea urchins and sea stars [60, 61, 82, 83] , it is possible to identify a set of regulatory genes involved in a given developmental process and then use ATACseq data to reconstruct the hypothetical GRN involving those genes, with the help of Homer, to label peaks, and BioTapestry [84, 85] to produce a visual representation of predicted interactions. An example of GRN reconstruction using ATAC-seq data is reported, as proof of principle, in Figure 2 , where the GRN module around the sea urchin FoxA gene during gastrulation was analyzed. The ATAC-seq data not only allowed to uncover all gene interactions previously demonstrated by cisregulatory and/or perturbation analyses (solid lines in Figure 2 ; data retrieved from the Davidson laboratory, see link in Table 1 ) but also to predict putative novel connections (dashed lines in Figure 2 ). This method (annotating ATAC-seq peaks with Homer) can be also used in conjunction with differential RNAseq data, allowing to predict not only the interactions within the differentially expressed gene set but also to determine the type of putative regulation that is occurring, as activation or repression. Alternatively, more naive methods that include data visualization can be used with tools such as IGV [86, 87] , visPIG [88] and ChIPseeker [89] , followed by scanning the sequence of the selected peaks for binding motifs of interest with programs such as JASPAR [90] .
Validation of GRN by wet laboratory approaches
The key regulatory event driving expression of a given gene is the functional interaction between a trans-regulatory input, the TF, and one or more CRMs of the gene. For this reason, the most relevant form of validation of a predicted GRN is to analyze the cisregulatory interactions occurring at each node of the system. In the era of the omics approaches, the increase of sequencing data allowed a deeper analysis of the gene regulatory regions leading to predict multiple TF-binding motifs for a single CRM. To analyze the actual capability of a TFBS to drive gene expression, the function of the cis-regulatory element containing it needs to be tested by cis-regulatory analysis. To this aim, CRM reporter gene constructs that contain wild-type and mutated forms of each predicted TFBS are created and tested in developing embryos by measuring both qualitative and quantitative changes in gene expression (for use of reporter gene constructs in sea urchin, see [91] ). This kind of approach has been successfully exploited in sea urchin embryos since the late 90s [92] [93] [94] [95] to study gene regulation during development, allowing the identification of many functional binding sites in regulatory region. However, as a network is composed by thousands of gene interactions, this analysis would require a huge effort to test each interaction individually. In 2010 [96] , a much more efficient approach allowing the study of multiple CRMs in the same experiment has been developed, which makes this task now easily approachable in any embryo where transgenesis is feasible. The cis-regulatory analysis, however, does not prove the in vivo occupancy of a specific TF at the given CRM for which the previously mentioned ChIP approach can be used. The ultimate validation of a given GRN node is achieved by combining cis-regulatory analysis of a given CRM and either a confirmation of actual binding of the given TF to a specific TFBS within the CRM by ChIP analysis or perturbation of the gene expression of the given TF in the presence of the given CRM reporter construct. If in the absence of the given TF, because of the specific perturbation, the expression of the given CRM reporter construct is abolished or strongly reduced, the regulatory interaction between the cis-and trans-elements can be considered functional and the given TF proven necessary for the regulation at the given node. In the systems where microinjection is feasible, such as the sea urchin embryo, this kind of validation can be easily achieved by co-injecting a vector containing the CRM for the cis-regulatory analysis and a morpholino specific for the putative TF regulating it. Although all the forms of validations mentioned above represent the most complete approach for a GRN analysis, this depth of knowledge is not easy to be reached for many organisms, as most often either gene direct interactions are difficult to be tested or to be demonstrated to be functional. So far, the sea urchin and the sea star embryos represent some of the few 'model' systems for which all abovementioned requirements are fulfilled, i.e. omics approaches are feasible, and predicted gene interactions can be validated with a complete set of wet laboratory approaches. This is because of the fact that most of the experimental methods required for the study of the GRN have been already established and are easily accessible in these echinoderms, from gene perturbation with morpholino oligonucleotide to cis-regulatory analysis with injection of reporter constructs, together with biochemical approaches such as ChIP. Examples of such in-depth analyses are the already mentioned GRN for endomesoderm development in the sea urchin embryo, which is constantly updated at the Davidson laboratory (Table 1) , and the corresponding ones for the sea star embryo [60, 61] , the GRN controlling sea urchin skeletogenic lineage [97] and the one for esophageal muscle development [42] . These in-depth studies also allow for powerful cross-species comparisons of GRNs aimed to understand the evolution and developmental mechanisms underlying body plan change (for a recent review, see [98] ).
Conclusion
As the number of omics techniques increases and they become more efficient, so does the information we are able to obtain and the increased use of such techniques. Although these omics approaches provide new or better ways to address questions about gene regulation, it is the combination of the technologies that will give us a more complete picture and enable the reconstruction of more accurate GRNs. There have been efforts made for omics integration [77] , but the lack of tools to integrate different omics data for 'non-model' organism creates black boxes of in-house scripts that decrease the reproducibility. In addition, naming conventions create additional issues for 'nonmodel' species, as gene IDs can differ between databases, and it has been shown that in some cases, excel converts gene names into dates or floating point numbers, leading to errors [99] . Although there are a number of issues that still need to be addressed, the integration of multiple NGS technologies for reconstruction of GRNs is possible even in 'non-model' species, with methods such as ATAC-seq providing a faster and simpler way to identify potential network connectivity. Moreover, within echinoderms, more genomes are being assembled, such as the two already mentioned A. planci genomes (Table 2 ) and the soon to be released P. lividus genome (personal communication). There are now options for both DNA and RNA sequencing, which focuses on more targeted approaches, which can address network questions more directly. Furthermore, experiments designed with the purpose of reconstructing a GRN need to account for the fact that genes are used in multiple tissue types and multiple networks. For this reason, tissue-specific experiments should be conducted when possible. Recently, there has been a technique developed to prepare libraries and sequence both DNA and RNA simultaneously by leveraging the enzymatic specificities of the Tn5 transposase and RNA ligase [100] , which could prove to be useful for 'non-model' species without genomes. Although for these species there is more work involved in the downstream analysis after sequencing, the amount of information that can be produced and interpreted far outweighs the additional effort. We are presented with methods for extensive and more informed generation of hypotheses, with systems that are well suited to investigate these hypotheses. In a recent study, Cary et al. [68] demonstrated this by studying multiple echinoderm-a sea urchin and a sea star-species to better understand the mechanism of GRN rewiring through the investigation of low-affinity TF-binding sites using RNA-seq, ChIPseq and ATAC-seq. These omics approaches, combined with the rich history of echinoderm developmental GRNs and well-established perturbation and cis-regulatory protocols, give a bright outlook on the future for the reconstruction of echinoderm GRNs, potentially leading, with the extension to more species, also to insight into evolution of development.
Key Points
• The combination of perturbation techniques and NGS technologies has greatly enhanced the ability to examine GRNs on a more global scale.
• Evolving NGS approaches and the rich history of echinoderm regulatory experimental biology presents a unique position that allows reconstruction of developmental GRNs.
• There is a need for a better standardization of data integration, especially when the aim is to reconstruct a GRN.
